Personalized prescription and pharmacogenomics are related concepts, but are not the same. The 'Introduction' describes the concept of pharmacogenomics, which can be included within personalized prescription, and the role of the Human Genome Project and the Food and Drug Administration in promoting advances in these concepts. In the author's comprehensive view of personalized prescription, clinicians need to consider genetic, environmental and personal variables when prescribing any medication. Known important genetic variables in specific drug responses can be explored by pharmacogenetic tests. Environmental variables -such as co-medication, herb supplements, foods, beverages and smoking -may be much more important than genetic factors for some drugs. Personal factors such as age, gender or medical illnesses (renal or hepatic insufficiency) may be crucial personal variables in the response to some other drugs. The pharmacological knowledge needed to understand personalized prescription includes pharmacokinetics and pharmacody namic actions, efficacy and safety, idiosyncratic and dose-related adverse drug reactions, prescriber's role and therapeutic window, and linear versus non-linear pharmacokinetics. The applications of these pharmacological concepts in psychiatry are briefly reviewed. Risperidone personalized prescription is provided as an example by describing personalized risperidone selection and personalized risperidone dosing. The future of pharmacogenomic tests and personalized prescription in psychiatry is briefly summarized.
views the concept of pharmacogenomics, the role of the Human Genome Project, the concepts of personalized medicine and personalized prescription, and the crucial role of the Food and Drug Administration (FDA) in promoting clinical applications. The article then describes the necessary pharmacological knowledge for understanding personalized prescription and its applications in psychiatry, with personalized prescription of risperidone as an example. Finally, the future of pharmacogenomic testing and personalized prescription in psychiatry is summarized.
Pharmacogenomics
Pirmohamed [1] defined pharmacogenomics as the study of all genes in the genome that may determine a drug response. Pharmacogenomics has gained major impetus from technological advances and the Human Genome Project.
Human Genome Project
The end of the 20th century brought new hopes of a revolution in medicine based on our advancing knowledge of the human genome. The Human Genome Project, officially completed in 2000 [2] , was a crucial step but led to exaggerated hopes. In an example of this hyperbolic optimism, McKusick [3] published a commentary in JAMA comparing the Human Genome Project with the revolutionary influence of a 16th century text on anatomy by Vesalius which led to major developments in medicine, including further applications of the scientific method and the development of other basic sciences.
The Human Genome Project was possible due to rapid advances in genetic technologies that made possible the parallel testing of many single nucleotide polymorphisms (SNP) with progressively lowered costs. Currently, one can test millions of SNPs for less than USD 1,000 per sample, and the price is rapidly decreasing. The onset of these rapid technological advances led to a Science editorial comment in 1997 that defined 'personalized prescription' as 'tailoring drugs to a patient's genetic makeup' and predicted that personalized prescription would 'soon' reach clinical practice [4] . More exact estimates for the year in which generalized use of personalized prescription would begin included 2015 according to a 1999 Time magazine article [5] and 2020 according to a 2001 JAMA article [6] .
Recent developments have proven how naïve it was to think that human genome mapping would change medicine by 2015 or 2020. We do not yet know the function of approximately one third of human genes; other types of genetic variations such as deletions or duplications, the so-called copy number variations (CNV), may have been neglected [7] . Unfortunately, many of the current platforms and systems used for genotyping mainly pay attention to SNPs and neglect CNVs or less common genetic variations such as microsatellite polymorphisms and translocations, inversions and substitutions, which may have some pharmacogenomic relevance [7] . Finally, the relevance of epigenetics to human pharmacogenetic response is not well understood [8] , but it is important to know that in one animal model, drug tolerance was caused by epigenetic mechanisms [8] .
Since the 'genomic' boom, technological advances have facilitated the development of a new wave of parallel testing of multiple physiological substrates and of new disciplines -including transcriptomics, proteomics and metabolomics [9] . These new technologies, sometimes included under the heading of biomarkers, provide hundreds or thousands of pieces of data on each patient, but produce two types of intrinsic problems: untested statistical analyses and complex interpretation of the results. Regarding statistical problems, the traditional statistical tests were developed to test one or a few hypotheses in dozens or hundreds of patients (many more individuals than tested hypotheses), not to test hundreds and thousands of hypotheses in samples that frequently include fewer individuals than hypotheses. Several new statistical methods are being developed to manage these large statistical databases. The author has collaborated in attempts to use two statistical methods derived from engineering statistics: analyzing genetic data using data mining [10] and a derivation of sensitive analysis and systems engineering [11] . Despite these preliminary attempts, he acknowledges that there are no validated methods; moreover, the statistical method used in genome-wide association studies with thousands of patients and published in the best scientific journals demonstrates very poor replicability.
Results from some of the new tests or biomarkers are hard to interpret since we know little about the normal variations of physiological substrates. In the case of metabolomics, we know little about the normal values of the hundreds of lipids that can be found in human blood. Even if we focus on pharmacogenomics and on the simplest genetic variations, SNPs, we have limited understanding of how to extrapolate to the clinical environment a statistical association between a specific SNP and response to drug X in a well-controlled study. The specific SNP may be associated with functional changes, may not be associated with functional changes and may be linked with other functional SNPs, or may be explained by a false-positive result. The relationships between SNPs and gene function appear to be fairly complicated in some of the well-studied genes. A well-studied pharmacogenetic gene, cytochrome P450 2D6 (CYP2D6), has more than 90 known genetic variations (including SNPs and CNVs) and more than 60 alleles [12] . The functional effects of some of the rarest CYP2D6 alleles are not known despite being relatively easy to study using a phenotyping test that requires giving a pill and measuring urine metabolites. The racial variations are relatively well understood, and it is thought that measuring approximately 20 alleles may provide a reasonable amount of information to clinicians about CYP2D6 phenotypes and function [13] . In most patients, these 20 alleles would establish whether or not the enzyme is present, and, if present, whether it is under-or overactive. Unfortunately, learning the functionality of these genetic variations (the phenotype-genotype association or correlation) has taken over 20 years to develop. Only a few SNPs have been studied in most genes of possible interest in psychiatric pharmacogenomics; in most of them, the functional meaning of these SNPs is not known. The con-ceptual and scientific difficulties in extrapolating from basic research to clinical applications, usually called translational research, are usually ignored in the literature and may be among the major obstacles for applying pharmacogenomics or personalized prescription in the clinical environment.
Concepts of Personalized Medicine and Personalized Prescription
The concepts of personalized or individualized medicine and prescription are not new in medical parlance. However, genetic advances have made discussing 'personalized medicine' and 'personalized prescription' in genetic terms fashionable. In fact, even lay journals use these concepts frequently, referring mainly to genetic differences between patients. In introducing the first issue of the newly created journal Personalized Medicine, Ruaño [14] reminded us that physicians have traditionally practiced personalized medicine in their attempts to decide the best treatment for each of their patients. However, physicians were not using the term 'personalized medicine'; the personalized approach traditionally used by physicians was probably based on subjective physician preferences and not on scientific knowledge. In fact, psychiatrists had used the term in a completely different way. In 1952, Osborn [15] titled his psychiatry textbook Psychiatry and Medicine: An Introduction to Personalized Medicine . The idea behind that title was that each patient is a unique individual with unique psychological mechanisms. For Osborn, the principle that allowed personalized medicine was not genetics, but psychoanalysis. Obviously, Osborn's opinion appears somewhat outmoded. On the other hand, the current exclusive focus of personalized medicine on genetics may be wrong.
This author [7] views personalized medicine as a very global concept that may include 'personalized surgery', 'personalized rehabilitation', 'personalized nutrition' and other types of personalized medical interventions and, more importantly for psychiatrists, 'personalized prescription'. Personalized prescription should include not only the use of new tests, which may or may not be pharmacogenetic tests, but also the consideration of all scientific information valid for prescribing medication [16] . Pharmacology is a mechanistic science; knowing the pharmacological principles behind drug response allows predictions to be made ( table 1 ) . For many drugs, genetic factors may be irrelevant in drug response or may be much less important than other non-genetic factors. Our pharmacological knowledge of each drug should determine what aspects are important in that drug's personalized prescription. In this comprehensive view of personalized prescription, clinicians need to consider genetic, environmental and personal variables when prescribing any medication [16] . Known important genetic variables in specific drug response can be explored using pharmacogenetic tests. Environmental variables such as co-medication, herb supplements, foods, beverages, and smoking may be much more important than genetic factors for some drugs. Personal factors such as age, gender or medical illnesses (renal or hepatic insufficiency) may be crucial personal variables in the response to some other drugs.
This author has also hypothesized that personalized prescription can be expressed in two main ways: in the clinical environment as personalized selection of the drug, and as personalized dosing [7] . The author's definition of personalized prescription may be original, but his approach is not new since it is based on advances of pharmacological knowledge that are usually expressed in the drug prescribing information required by the FDA and in pharmacological textbooks.
Crucial Role of the FDA in Promoting the Use of Personalized Prescription and Pharmacogenetic Testing
The FDA has had a crucial role in promoting the use of pharmacological information to personalize prescriptions and in the introduction of pharmacogenetic tests in the clinical environment. A remarkable step was the terfenadine story. Terfenadine is a non-sedating antihistaminic that was approved by the FDA in the late 1980s with an average recommended dosage for average subjects after rigorous placebo-controlled clinical trials in healthy subjects not taking other medications. Then, a second experiment, naturalistic and not well-controlled, began when terfenadine was given to the general population which included many non-average subjects who were ill or taking other medications. In 1996, it was clear that more than 100 people had died in the USA in this naturalistic experiment. The 'average' doses were toxic and caused Table 1 . Pharmacological principles behind the author's view of personalized prescription 1 Mechanistic science: Pharmacology is a mechanistic science.
2 Pharmacokinetics and pharmacodynamics: Drug response is explained by the pharmacokinetic and pharmacodynamic actions of the drugs. Pharmacokinetic actions are usually a first step, occurring prior to pharmacodynamic actions. Pharmacodynamic actions in the brain may require a greater level of complexity than pharmacodynamic actions in the periphery, due to the complexity of moving drugs from the blood to the brain target.
arrhythmias in subjects taking some co-medications inhibiting the cytochrome P450 (CYP) isoenzyme that metabolizes terfenadine. Had our knowledge of CYP 'science' been better, the lethal outcomes during naturalistic use would have been avoided. The deaths of more than 100 people taking terfenadine were not in vain. The FDA began progressively forcing companies to study drug-drug interactions (DDIs) and CYP metabolism. Thus, drug package inserts (currently called prescribing information) were required to include progressively more information on DDIs (environmental variables) and on peculiar situations such as renal or liver insufficiency (personal variables). After terfenadine, several drugs were withdrawn from the market due to similar cases of heart toxicity associated with DDIs, leading to drug prescribing information that increasingly focused on non-average subjects by including information on the effects of environmental and personal variables in drug response. A further development in the FDA's approach was the inclusion of genetic information in the drug prescribing information. This was not well-received by pharmaceutical companies which had not embraced pharmacogenomic testing in clinical practice. In fact, an FDA official related [17] that when she met with drug industry representatives in 2001 to discuss the promise of personalized medicine: 'People stood up and said: We are terrified'. It is very easy to explain this terror. The pharmaceutical companies' current business model assumes drug approval on the basis of an average dosage recommendation for an average patient. Thus, the practice of excluding some patients from the drug using pharmacogenomic tests would narrow market niches. On the other hand, genotyping and treating some patients with alternative dosages would complicate prescribing information relative to competing drugs [18, 19] . If a drug is approved with pharmacogenomic testing as a requirement, the marketers of previously approved competing drugs would surely remind physicians that their drugs do not have such a requirement in their prescription package, but the new drug does.
The FDA has progressively set new recommendations to promote pharmacogenetics and personalized prescription. In 2005, the FDA provided guidance for the drug industry regarding pharmacogenetic data submission [20] that described a metabolic enzyme important for psychiatry, CYP2D6, as a 'valid biomarker' and introduced the idea of a voluntary data submission program. In 2008, the FDA [21] issued draft guidance for 'in vitro diagnostic multivariate index assays' (IVDMIAs). Pharmacogenomic, metabolomic and proteomic tests are IVDMIAs, and thus the FDA was indicating its intent to require IVDMIAs to meet pre-market and post-market device requirements under FDA regulations. Prior to that, the FDA had not been involved in regulating diagnostic tests.
In addition, the FDA took two major practical steps: in 2006 it approved the first pharmacogenomic test, the AmpliChip CYP 450 Test [18, 19] , and in 2007 it began requiring clinicians to use a pharmacogenomic test before administering carbamazepine in a particular racial subgroup [22] .
Roche Molecular Systems, Inc., developed the first pharmacogenomic test approved by the FDA, the AmpliChip CYP 450 Test. The microarray contains over 15,000 oligonucleotide probes allowing testing for 20 CYP2D6 alleles, 7 CYP2D6 duplications, and 3 cytochrome P450 2C19 (CYP2C19) alleles [18, 19] . CYP2D6 is particularly important in psychiatry since it metabolizes many antipsychotics and antidepressants. CYP2D6 poor metabolizers (PM) lack CYP2D6 in their bodies; their prevalence varies by race (highest among Caucasians, approximately 7%, and lower in other races, 1-3%). The psychiatric applications of CYP testing have been described in prior articles [12, 23, 24] .
The FDA required that HLA-B * 1502 genotyping in Asians should be performed before prescribing carbamazepine to avoid the almost certain development of Stevens Johnson syndrome/toxic epidermal necrolysis in those with this marker [22] .
In conclusion, in the view of the author: (1) pharmacogenomic tests are one type of personalized prescription test, and (2) personalized prescription should consider the influence of genetic, environmental and personal variables on each drug. Table 1 describes drug response as being explained by pharmacokinetic and pharmacodynamic actions influenced by genetic, environmental and personal variables. Pharmacogenetic testing, and any other form of personalized prescription, must focus on other basic pharmacological principles besides pharmacokinetics and pharmacodynamics. This chapter cannot include a pharmacology textbook; therefore, tables and figures are used to remind the reader of crucial pharmacological concepts. Efficacy and safety are important concepts described in figure 1 . Within safety, idiosyncratic versus dose-related adverse drug reactions (ADRs) must be distinguished [7] . Similarly, the prescriber's role and therapeutic window or index needs to be considered [16] . Pharmacology is very important in predicting drug response in drugs with a narrow therapeutic index. The prescriber's choice may be more relevant than pharmacological principles in drugs with a wide therapeutic index. Table 2 elaborates on how the therapeutic window may influence personalized dosing. Another pharmacological concept that is important in dosing is linear versus non-linear pharmacokinetics ( fig. 2 ). Pharmacokinetic type is fundamental in establishing personal dosing and in predicting the relationships between drug dose and drug blood concentration. It is easy to predict concentration using dose with drugs displaying linear kinetics, but more complicated with non-linear kinetics, which is present in some psychiatric drugs ( fig. 2 ). It is believed that the binding rate is 85-95% at low doses and 70% at high doses. Pheny toin has a narrow therapeutic window and follows non-linear pharmacokinetics, which is dosedependent and capacity-limited. This means that it is possible to attain excessive drug concentrations with modest dosage increases. When the drug reaches toxic levels phenytoin half-life may increase in a dramatic way due to the saturation of its metabolism. In fact, half-lives as long as 140 h have been described in intoxicated patients. Gabapentin appears to move from the intestine to the blood using a saturable L-amino acid transporter; gabapentin bioavailability is not doseproportional and decreases at higher doses.
Pharmacological Knowledge Needed for Personalized Prescription
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Applying Personalized Prescription in the Clinical Practice of Psychiatry
By now it should be evident to the reader that it is impossible to begin thinking about how to apply personalized prescription in clinical practice without a thorough understanding of the pharmacokinetic and pharmacodynamic principles of psychiatric drugs. Table 3 includes a brief attempt to summarize the pharmacological mechanisms of the most important psychiatric drugs. Table 4 explains the pharmacological principles behind personalized drug selection, and provides psychiatric examples of personalized drug selection in clinical practice. Table 5 explains the pharmacological principles behind personalized dosing, and provides psychiatric examples of personalized drug selection in clinical practice. Personalized drug selection and dosing in psychiatry have been described in more detail in a prior article [7] .
Personalized Prescription of Risperidone as an Example
The only way to completely understand what personalized prescription may mean in clinical practice is to provide a good example, such as risperidone. Risperidone prescription may need to take into account genetic, environmental and personal variations. In this article, it is not possible to extensively review the pharmacokinetics and pharmacodynamics of risperidone, which were reviewed in prior articles [25] [26] [27] [28] and summarized in tables 6 and 7 . Table 6 presents personalized risperidone selection. Basic pharmacological information relevant for risperidone selection is presented in the upper part of the table. Once a clinician has decided that an antipsychotic is needed, the lower part of table 6 describes which factors may be considered for or against risperidone selection. The information in the literature is very limited; multiple pragmatic randomized trials such as the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) [29] are needed to correctly inform this decision. Due to the limited information available, and since clinicians frequently have drug preferences and dislikes, different clinicians would likely disagree on whether risperidone is a good first-choice antipsychotic for various patients. The existence of generic and long-acting formulations is a factor in favor of risperidone selection. Table 7 presents personalized risperidone dosing. Basic pharmacological information relevant for risperidone dosing is presented in the upper part of the table. This table is based more on available scientific and pharmacological principles than the table focused on risperidone selection. As risperidone probably follows linear kinetics in all age groups [28] , information on the effects of factors that change risperidone pharmacokinetics in adults may reasonably be extrapolated to children and geriatric patients. Three major factors are considered relevant when adapting risperidone dosing in patients with different personal characteristics: the presence of CYP3A inducers and/or CYP inhibitors, and CYP2D6 PM status ( table 6 ). CYP2D6 PMs lack CYP2D6, the enzyme that has higher affinity for risperidone and may be the most Peripheral glucose and lipid metabolism actions of antidepressants and mood stabilizers are not well studied. 3.5 Platelet, gastrointestinal and sexual ADRs from some antidepressants are probably mediated by peripheral serotonergic changes. 3.6 Cardiac ion channel actions produced by some antidepressants and antipsychotics are not well studied. How these actions contribute to increased sudden deaths is not well understood. 3.7 Potentially lethal ADRs secondary to antipsychotics and mood stabilizers in skin, liver and hematological tissues are not understood and in some cases are possibly immunologically mediated.
4 Pharmacokinetic mechanisms are better understood but tend to be ignored by psychiatrists. 4.1 CYP.
-CYP2D6 is important for some antipsychotics, some antidepressants and activation of some opioids.
-CYP3A is important for some antipsychotics, some antidepressants, carbamazepine and some benzodiazepines. -CYP2C19 is important for some antidepressants and diazepam. -CYP1A2 is important for clozapine and olanzapine. 4.2 UGT. These poorly understood enzymes are important for lamotrigine, valproate, some opioids and secondary pathways for some antipsychotics and possibly some antidepressants. 4.3 Transporters are poorly understood.
-P-glycoprotein may be important at the intestine, liver and blood-brain barrier.
-Kidney transporters may be important for lithium and other drugs.
important metabolic pathway for risperidone by hydroxylating it to 9-hydroxyrisperidone. PM patients can be identified by CYP2D6 genotyping [18, 19] or by measuring risperidone trough levels in steady state [23] . If the patient has a plasma risperidone/9-hydroxyrisperidone concentration ratio 1 1 and is not taking a CYP2D6 inhibitor (bupropion, fluoxetine or paroxetine) then he/she is likely to be a CYP2D6 PM. In the absence of these drugs, if the risperidone/9-hydroxyrisperidone ratio is 2 or 3, the patient is most definitively a CYP2D6 PM. Prior articles [23, [25] [26] [27] [28] described this in detail. One of the articles described a pharmacokinetic model including genetic and environmental variables that allowed an exploration of their effects in dosing [26] .
Future of Pharmacogenomic Testing in Psychiatry
The only FDA-required pharmacogenomic test in psychiatry is a test for one drug and for one racial group [22] , and it only eliminates the risk of a relatively rare idiosyncratic ADR (HLA-B * 1502 genotyping in Asians for carbamazepine). Clinicians have complained to the author that having one pharmacogenomic test for drug selection in one race is a miniscule advance. Unfortunately, this is the only pharmacogenomic test in the immediate future of psychiatry that has definitive support for its clinical indication. This is an elusive goal beyond our current knowledge.
T D = Tardive dyskinesia. 1 For more details, see de Leon [7] . Table 5 . Pharmacological principles behind personalized dosing and examples in psychiatry 1 Pharmacological principles behind dosing are much simpler than those behind drug selection.
2 Bottle-neck situations. One needs to remember that bottle-neck situations may apply at crucial points in drug response. -Absorption disturbances by food 1 , other drugs 2 , or even anatomical problems 3 may decrease a drug's availability and render a drug ineffective. -It is not well understood whether difficulties in crossing the BBB may be relevant in psychotropic drugs. Problems at the BBB have been explored as a possible mechanism for explaining lack of anticonvulsant response. Differences in BBB permeability may explain differences in toxicity between risperidone and its metabolite, 9-hydroxyrisperidone, marketed as paliperidone.
3 Dosing models combining genetic, environmental and personal variables may focus on: 3.1 Pharmacokinetic models: Models predicting blood drug concentration. Developing models for drugs following linear kinetics is much easier than for those drugs following non-linear kinetics (table 4) . The clinical relevance of these models depends on how well blood concentration predicts drug response (efficacy and safety). 3.2 Clinical models: Predicting ADRs. They should incorporate pharmacokinetic and pharmacodynamic information.
The ADR type is important: 3.2.1 Idiosyncratic ADRs: It makes no sense to try to develop dosing models since they are not dose related. Idiosyncratic ADRs may need certain doses (probably low) and after that the dose is irrelevant. Thus, it is better to deal with these ADRs by personalizing drug selection. 3.2.2 Dose-dependent ADRs: Dosing models may have better potential. However, it is important to consider whether tolerance develops or not. 3.2.2.1 ADRs not subject to tolerance: It may be easier to develop predictive dosing models. The narrower the therapeutic window, the more likely that the predictive model may work in the clinical environment. 3.2.2.2 ADRs subject to tolerance: High dosing may predict toxicity only in the initial doses. After some initial doses the patient may develop tolerance to ADRs. The predictive model for dosing needs to consider the duration of the treatment (initial versus maintenance). BBB = Blood-brain barrier; PM = poor metabolizer; UM = ultrarapid metabolizer. 1 Ziprasidone needs to be administered with food to increase its absorption. 2 Carbamazepine suspension should not be administered with chlorpromazine suspension since they may lead to a precipitate and loss of absorption. 3 Paliperidone capsules should be avoided in individuals with gastrointestinal narrowing which may hinder passage of a capsule through the gastrointestinal tract. 4 For more details, see de Leon [7] .
de Leon -Orthostatic hypotension: high risk (probably similar to clozapine, phenothiazines, quetiapine and ziprasidone). -Sexourinary symptoms: rare (but probably higher than other second-generation APs). -GI symptoms: lower than the worst APs (aripiprazole and ziprasidone).
-Seizure: probably average risk (lower than the worst APs: chlorpromazine, clozapine, olanzapine and quetiapine). -Liver toxicity: very low risk (lower than the worst APs: clozapine, olanzapine and phenothiazines). -Antimuscarinic ADRs: no risk or very low risk (versus those APs with high risk: clozapine, olanzapine, pheno thiazines and quetiapine). Remember that due to the potential for EPS, anticholinergic drugs may be needed when taking risperidone. 3 Positive aspects of risperidone formulation: -Generic is available (cheaper than other second-generation APs, and more expensive than first-generation APs). -Long-acting is available (only others available in USA are fluphenazine, haloperidol and paliperidone). I nformation presented on personalizing risperidone dosing is a major modification of a prior table [28] . BUP = Bupropion; PAR = paroxetine; FLU = fluoxetine; CBM = carbamazepine; APs = antipsychotics; MR = mental retardation; RI = renal insufficiency; f = decrease in receptors; ff = very important decrease in receptors. 1 de Leon et al. [27] . 2 The information on CYP3A inducers is based mainly on CBM data. Other CYP3A inducers have not been well studied.
Personalizing risperidone selection within antipsychotics
Clinically relevant inducers that may have effects similar to CBM are rifampin, phenobarbital, primidone, phenytoin, nonnucleoside reverse transcript inhibitors (efavirenz and delaviridene), dexamethasone, prednisone and St. John's wort. 3 High doses of sertraline may also be a CYP2D6 inhibitor. FLU is a CYP2D6 and CYP3A inhibitor and may block both risperidone metabolic pathways. It should be considered as a particularly hazardous inhibitor. 4 The clinically relevant CYP3A inhibitors include fluvoxamine, cimetidine, ketoconazole, erythromycin, clarithromycin, protease inhibitors, grapefruit juice and dilitiazem. 5 Risperidone up to 16 mg/day (maximum dose) was approved in the USA. At that time, the antipsychotic doses used were too large.
de Leon
Currently, CYP2D6 and CYP2C19 genotyping appear to have little future. Pharmaceutical companies are eliminating drugs metabolized by CYP2D6 from their pipeline [18, 19] . First-generation antipsychotics tend to be CYP2D6 drugs and may be as efficacious as the new ones. As they are much cheaper, marketing the use of firstgeneration antipsychotics plus personalized tests, including CYP2D6 genotyping, may be the way to go [11] . Unfortunately, this idea is contrary to the current marketing strategies of the pharmaceutical companies which promote second-generation antipsychotics. Other psychiatric pharmacogenomic tests for clozapine efficacy, clozapine-induced agranulocytosis and antipsychotic-induced metabolic syndrome have been described in prior articles [9, 24] .
The author believes that in the near future, in psychiatry, pharmacogenetic tests or other types of complex biomarkers have some potential in two areas [7] : (1) excluding the use of some drugs for some unusual patients (has major potential since neurology provided the first pharmacogenetic test for carbamazepine), and (2) personalizing drug dosing by using pharmacokinetic genes in narrow therapeutic window drugs (has some potential, but these drugs may be irrelevant for clinical practice unless the old antipsychotics are returned to use). There is dubious potential for: (1) selecting some drugs within a class due to ADR or efficacy profile, and (2) selecting dosing in a wide therapeutic window drug. The author does not see short-term potential in finding the best drug for each patient. This 'very sophisticated' level of personalized prescription is beyond our current knowledge and study methodologies [7] .
Future of Personalized Prescription in Psychiatry
This author defines a new way of looking at personalized prescription, describing it as the use of genetic, environmental or personal information for selecting drugs and/ or prescribing dosages. With this broad definition, personalized prescription can be utilized without waiting for new developments in pharmacogenomic or other biomarker testing. Personalized prescription requires only that sophisticated clinicians understand that genetic, environmental or personal variables influence pharmacokinetic and pharmacodynamic response; the therapeutic window of the drug may also be important. Blood levels, currently called therapeutic drug monitoring, have been used by psychiatrists to personalize dosing for lithium, tricyclic antidepressants and some antipsychotics including clozapine. Unfortunately, all of these are old drugs rarely used by young prescribers in psychiatry. New drug marketing has convinced psychiatrists that they do not need to use these old drugs; thus, using therapeutic drug monitoring in psychiatry appears irrelevant. It also makes teaching this broad view of personalized prescription difficult.
Conclusions
The 'Introduction' describes the concept of pharmacogenomics that can be included within personalized prescription and the role of the Human Genome Project and the FDA in promoting the advancement of these concepts. Personalized prescription and pharmacogenomics are related concepts, but are not the same. In the author's comprehensive view of personalized prescription, clinicians need to consider genetic, environmental and personal variables when prescribing any medication. The pharmacological knowledge needed to understand personalized prescription and its applications in psychiatry includes pharmacokinetic and pharmacodynamic actions, efficacy and safety, idiosyncratic and dose-related ADRs, prescriber's role and therapeutic window, and linear versus non-linear pharmacokinetics. Risperidone personalized prescription is provided as an example by describing personalized risperidone selection and personalized risperidone dosing. The future of pharmacogenomic tests and personalized prescription in psychiatry is briefly summarized.
